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Abstract 
This study evaluates human benefits of a road improvements, in terms of safety, vehicle operating costs, travel time and jobs, 
through a case study of a highway US 550 in New Mexico. This highway is a 118-mile road, which was reconstructed from a 
two-lane highway to a four-lane highway over a period of three years from 1998 to 2001. It is shown that the reduction in travel 
time occurs on the rural portions of the road. The vehicle operating costs has reduced due to mainly less fuel consumption. Using 
US 550 crash data for 1996-1998 (before) and 2002-2008 (after), it is shown that the crash increased from 85 per year in the 
before period to 116 per year in the after period, an overall increase of 36 percent. The situation certainly would have been worse 
if the road had remained in its former two-lane configuration. In an effort to develop a better understanding of the crashes on US 
550 before and after the reconstruction, comparisons were conducted of selected crash characteristics, specifically severity, day 
of the week, and crash class. It is shown a five percent increase in crash on Sundays and a 5 percent decrease on Saturday. The 
reconstruction of NM44/US 550 was intended to make some areas connected by this road more attractive to business, industry, 
and tourists. Though this reconstruction has increased tourist attractions to the local area, job growth was not proportionate to the 
population growth in the area. 
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1. Background 
US 550 is a 118-mile road, upgraded from a two-lane highway to a four-lane highway in three years. All the 
benefits associated with the construction of a new highway or the reconstruction of an existing highway are the 
difference in road-user costs between the former road condition and those that exist after the facility is improved. 
These benefits may be evaluated using the techniques of engineering economy. In many cases, factors such as social 
consequences, despite their importance, are omitted from the benefit calculations. For example, motorist comfort 
and convenience, pollution reduction, and aesthetic improvements, which do not have market values, are not 
incorporated.  
Highway engineers have a long history of predicting the road-user benefits of proposed highway improvements. 
The most prominent technical references on this topic are AASHTO's "A manual on User Benefit Analysis of 
Highway and Bus-Transit Improvements" [1], which was developed under NCHRP 2-12, and Robley Winfrey's 
classic text "Economic Analysis for Highways" [2]. While these references are old, the approach to estimating road-
user benefits remains the same today as it was 30 years ago. This study evaluates benefits of US 550 road 
improvements, in terms of safety, vehicle operating costs, travel time and maintenance. Also, this study evaluate 
economic and development impact resulting from improving access to the communities along US 550. 
2. Travel benefits 
2.1. Travel time benefits 
The reduction in travel time occurs on the rural portions of US 550, specifically the 116 miles outside of Cuba, 
NM. A motorist traveling on the reconstructed road at 70 mph would require 1.66 h to travel the 116 miles. Because 
the road now has four lanes, it’s logical to believe that a motorist could easily travel at 70 mph. On the old road, a 
motorist traveling at 60 mph would require 1.93 h to travel the same distance. Because the former roadway only had 
one lane in each direction, however, it is possible that a motorist might encounter a slower-moving vehicle and be 
forced to reduce speed until it was safe to overtake the lead vehicle. Based on the foregoing calculations, a motorist 
on the reconstructed roadway would save 0.27 h, or about 16 minutes in one direction. 
Additional factors in the calculation of the travel time benefit are the amount of traffic, vehicle occupancy, and 
the monetary value of time. Traffic volumes were obtained from the NMDOT’s Planning Bureau. In 2007, the two-
directional traffic volume on US 550 ranged from a low of 2,698 between mileposts 85.49 and 102.77 to a high of 
13,889 between mileposts 123.47 and 143.00. Clearly, many trips along US 550 do not travel the entire route. 
However, motorists will enjoy a portion of the travel time reduction even if they travel only part of the route. 
Because the traffic volumes vary along the route, an average traffic volume was calculated in the following 
manner. First, the daily travel along the route was calculated by summing the products of the section lengths and the 
daily traffic volumes; this result was multiplied by 365 to determine the annual travel, which is used later in the 
accident rate calculations.  The average traffic volume was obtained by dividing the annual vehicle-miles of travel 
by the product of 116 miles and 365 days per year. The results for 1993 through 2007, excluding the three 
construction years, are plotted in Figure 1. The daily traffic volume grew from 2,772 in 1993 to 6,234 in 2007, 
corresponding to a compounded annual growth rate of 6%. The least-squares regression line (r=0.91) for the 
relationship between year and traffic volume is given in Figure 1. 
 
Traffic volume = -345,172 + 174.67*Year (1) 
A second relevant factor is the monetary value of time. This value certainly varies from one person to another, 
and could vary for any individual from one time to another. For example, a motorist who is driving while employed 
(e.g., a truck driver) would have one value, while the same person traveling on a vacation to the Four Corners area 
would likely have a lower value. Because the exact characteristics of the travelers are unknown, and they certainly 
vary by season, it was assumed that motorists could be subdivided into three groups: professionals =5%, truck 
drivers = 20% and casual travelers =75%. 
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Fig. 1. US 550 average traffic volumes. 
Professional travelers would be those traveling while employed. The web site salary.com was reviewed to 
determine the median salaries of eight professions: physician ($148,342), pharmacist ($106,764), project manager 
III ($96,742), attorney ($89,453), registered nurse ($62,089), engineer ($58,238), architect ($56,637), accountant I 
($41,560) [3]. These values average to $82,500/year, or $39.65/h. For the purpose of this analysis, it will be 
assumed that professionals traveling on US 550 are alone in their vehicles. 
Truck drivers, who also typically drive alone, earn a wage (or, in some cases, a mileage-based rate) while driving. 
They may drive large tractor-trailers, single-unit trucks (such as UPS trucks or concrete mixers), or in some cases, 
heavy-duty pickup trucks. The website payscale.com (3) reports on median hourly rate for heavy truck drivers by 
years of experience. The median rate for drivers with 10-19 years of experience is $15-21/h; the middle point of 
$18/h was used in this analysis. 
The largest category of motorists falls into the casual traveler category. These individuals include farm/ranch 
workers, homemakers, vacationers, and even some youngsters. Although some may travel alone, many will travel in 
vehicles with multiple occupants. This is especially true for vacationers and shoppers visiting Albuquerque, the Four 
Corners area, and even Cuba. Some may have a very low monetary value of time, while others might be closer to the 
lower end of the rate for truck drivers. To avoid overestimating the monetary value of time for these travelers, the 
researchers elected to use the current New Mexico minimum wage rate (3) of $7.50/h. By recognizing that an 
individual vehicle may contain just a single driver or a family of several, this analysis assumed that the average 
vehicle occupancy was 1.75 occupants per vehicle. 
Using the foregoing percentage distributions of travelers, hourly values of time, and vehicle occupancies, the 
weighted average value of time for a vehicle on US 550 is given by the sum of the products of the share of travel, 
vehicle occupancy, and the monetary value of time: 
 
Value = 0.05*1*$39.65 + 0.20*1*$18.00 + 0.75*1.75*$7.50 = $15.43/h (2) 
The daily travel time benefit per vehicle on the reconstructed US 550 is the product of this value and the average 
daily traffic on the route; the annual benefit is calculated by multiplying this value by 365 days/yr. In 2007, this 
would be: 
 
Annual Travel Time Benefit = 0.27h*$15.43/h*6,234veh/day*365days/year = $9.4 million/yr (3) 
2.2. Vehicle operating benefits 
Many early highways were economically justified in part because they reduced vehicle operating costs. Smoother 
highways produced less wear and tear on vehicles and helped to reduce fuel consumption. Redesigns that reduce 
stop-and-go driving also reduce brake wear. Tire wear and balance can also be reduced by eliminating potholes. 
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However, in the case of the reconstruction of US 550, the most obvious vehicle operating cost affected is fuel 
consumption. Tests have shown that most cars use about 20% less fuel driving at 90 km/h (56 mph) than at 110 
km/h (68 mph) [4]. The primary reason for this is that the air resistance of the vehicle increases with the square of 
the vehicle’s speed. The same article notes that using cruise control on the highway reduces fuel consumption by 15-
30%. The use of cruise control for extended distances is more feasible on the new four-lane road than on the old 
two-lane road. Considering the increased fuel consumption associated with higher operating speeds and the 
decreased fuel consumption associated with using cruise control, it is reasonable to conclude that the net effect of 
the reconstructed US 550 on fuel consumption is negligible. 
2.3. Safety benefits 
One of the justifications for the reconstruction of US 550 was the perceived lack of safety on the old road. 
Indeed, several safety issues were considered in the redesign of the roadway. The safety features introduced on the 
reconstructed road include: four lanes, reducing the need for passing maneuvers in the opposing lane, rumble strips 
on the shoulder and median to reduce encroachment, left-turn lanes at intersections to remove turning vehicles from 
the through lane, clearer roadsides to minimize the consequences of encroachment, judicious use of guardrail 
designed to modern standards. 
Using US 550 crash data for 1996-1998 (before) and 2002-2008 (after) furnished by the University of New 
Mexico’s Division of Government Research, the crashes on the route between mileposts 24 and 142 were evaluated. 
Overall, the crash experience increased from 85 per year in the before period to 116 per year in the after period, an 
overall increase of 36 percent. The number of crashes by year is shown in the accompanying figure. The Figure 2 
also shows the best-fit linear regression line, which depicts an annual increase of four crashes per year over the 
eleven year study period. 
The increase is not unexpected given the substantial increase in average traffic volumes shown in Figure 1. The 
situation certainly would have been worse if the road had remained in its former two-lane configuration. In an effort 
to develop a better understanding of the crashes on US 550 before and after the reconstruction, comparisons were 
conducted of selected crash characteristics, specifically severity, day of the week, and crash class. The results are 
presented in the following tables. Table 1 shows the number per year and percentage of crashes by severity in the 
before and after periods. Despite the increase in the number of crashes, the severity of crashes decreased in the after 
period, as reflected by the fact that the percentage of property damage only crashes increased, while the percentage 
of injury and fatal crashes decreased.  
Table 2 shows the distribution of number of crashes per year and the percentage of crashes by day of the week. 
As indicated by the table, the percentage of crashes occurring on Monday, Wednesday, and Saturday decreased in 
the after period, while the percentage increased on the other four days of the week. The most significant changes 
include a five percent increase on Sundays and a 5 percent decrease on Saturday. These changes might be due to 
variations in traffic volumes on these days or possibly some days with inclement weather. 
Fig. 2. US 550 annual crashes by year. 
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Table 1. US 550 crash severities. 
 Before After 
Severity Number/yr Percent Number/yr Percent 
Fatal 3.3 3.9 3.6 3.1 
Injury 32.3 38.0 37.4 32.3 
Property Damage Only 49.3 58.0 75.0 64.7 
 
Table 2. US 550 Crashes by Day of the Week. 
 Before After 
Day of the Week Number/yr Percent Number/yr Percent 
Sunday 9.7 11.4 18.9 16.3 
Monday 13.0 15.3 16.7 14.4 
Tuesday 11.7 13.7 16.9 14.5 
Wednesday 11.0 12.9 13.0 11.9 
Thursday 12.0 14.1 17.9 15.4 
Friday 12.7 14.9 17.9 15.4 
Saturday 15.0 17.6 14.0 12.1 
 
Numerous factors can affect the number and severity of crashes. At the simplest level, increases in traffic volume 
may increase crash frequency. Some, such as roadway design and pavement friction, are under the control of the 
engineer. Others, such as weather, level of enforcement, and driver-related factors, are not. Two simple examples 
emphasize this point. A decision by the New Mexico State Police to focus on speed limit, safety belt usage, or 
impaired driver enforcement should enhance highway safety. On the other hand, a winter with an unusual amount of 
snowy roads or a monsoon season with an unusual amount of rain can increase crash occurrence. To help account 
for the traffic volume variations, comparisons can be based on crash rates. However, the most realistic way to 
account for factors such as weather or enforcement, which the highway engineer cannot control, is to incorporate in 
the analysis comparison routes that were not altered during the study period.  
The University of New Mexico’s Division of Government Research provided the researchers with crash data for 
these three route segments for the periods 1996-1998 and 2002-2008. The NMDOT’s Planning Bureau provided 
two-directional traffic volume for these segments for the same time periods. The crash experience on all three of 
these comparison routes decreased between the before to the after period: on US 60 from 20.7 crashes per year to 
11.9 (-42%), on US 64 from 31.7 crashes per year to 30.0 (-5%), and on US 491 from 115.0 crashes per year to 80.6 
(-30%). Table 3 compares the percentage distribution of crashes by severity in the before and after periods for US 
550 and these three comparison routes; the after percentages are shown in parentheses. As shown in the table, the 
proportion of crashes that resulted in a fatality increased during the after period on both US 60 and US 491. 
However, this finding must be viewed carefully; given that the total number of annual crashes on both these routes 
decreased substantially in the after period, the absolute number of fatal crashes actually decreased on both routes. 
The figure on the following page shows the annual variation in crashes on each route in the after period in 
comparison with their values in the 1996-1998 before period. Overall, crashes on US 64 decreased by a small 
amount while those on US 60 and US 491 decreased by larger amounts. 
 
Table 3. Crash severity distributions. 
Route US 550 US 60 US 64 US 491 
Fatal 3.9 (3.1) 3.2 (4.8) 4.2 (3.8) 4.9 (5.9) 
Injury 38.0 (32.3) 48.4 (41.0) 41.1 (41.9) 44.1 (45.2) 
Property Damage Only 58.0 (64.7) 48.4 (54.2) 54.7 (54.3) 51.0 (48.9) 
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Using the annual travel data, crash rates were calculated for the period 1996-1998, and for each year in the after 
period. Table 4 shows the calculated crash rates for the routes in the three year before period and for each year in the 
after period. 
 
Table 4. Crash rates per million vehicle-miles (mvm) 
Route Before 2002 2003 2004 2005 2006 2007 2008 
US 550 0.59 0.58 0.47 0.65 0.57 0.46 0.41 0.55 
US 60 0.74 0.56 0.30 0.49 0.49 0.41 0.18 0.05 
US 64 0.67 0.54 0.50 0.69 0.60 0.58 0.78 0.56 
US 491 0.84 0.75 0.39 0.51 0.48 0.34 0.30 0.27 
 
Table 5 provided a general overview of the crash classification on US 550. A more refined examination using the 
parameter “Accident Analysis,” or simply Analysis, provides a better picture of the types of collision. During the 
before period, the most common crashes were overturning on the road or roadside (17.3/year), deer/elk/game animal 
(15.3), opposite direction sideswipe (6.0), guardrail (5.7), same direction rear-end (4.3), and opposite direction head-
on (4.0). During the after period, the most common crashes were overturning on the road or roadside (25.0/year), 
deer/elk (23.3), guardrail (13.3), same direction rear-end (6.6), same direction sideswipe (5.7), and opposite 
direction sideswipe (4.6). Perhaps the best finding in the after period is that the opposite direction head-on collisions 
were cut in half to 1.9/year despite the increase in travel documented in the Figure 16 on the previous page. 
 
Table 5. US 550 accident classifications. 
 Before After 
Class Number/yr Percent Number/yr Percent 
Overturn 17.3 20.4 25.0 21.6 
Other non-collision 4.3 5.1 5.0 4.3 
Pedestrian 0.7 0.8 0.9 0.7 
Other vehicle 23.3 27.5 25.4 21.9 
Vehicle on other roadway 0.0 0.0 0.3 0.2 
Parked vehicle 2.3 2.7 1.0 0.9 
Animal 20.3 23.9 28.1 24.3 
Fixed object 15.7 18.4 28.7 24.8 
Other Object 1.0 1.2 1.6 1.4 
2.4. Business benefits 
When companies seek to locate or expand a business or industry, they typically consider a number of factors 
about the area, including the availability and skills of the local workforce, area amenities, and the willingness of the 
community to accept them. A critical concern for many businesses is the availability of good transportation access. 
In this regard, a lengthy 2-lane road, such as the former NM 44 connecting central New Mexico to the Four Corners 
area, was not good transportation access. The reconstruction of NM44/US 550 was intended to correct this problem 
and make Farmington and the Four Corners area much more attractive to business, industry, and tourists. The 
authors believe that the following parameters might be indicators of the success of NM 44's reconstruction in 
enhancing economic activity along the corridor: population growth, employment growth, unemployment rate, per 
capita income, and gross receipts tax growth, measures of construction activity, and new or expanded business and 
industry. 
The on-line files of the San Juan Economic Development Service (SJEDS) were reviewed in an effort to 
determine the economic development impact of the reconstructed US 550. The reconstructed US 550 crosses 
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Sandoval and San Juan Counties, and the southwest corner of Rio Arriba County. Because of the dominance of Rio 
Rancho, and to a lesser extent, Bernalillo, in Sandoval County, it was not possible to separate the economic impact 
on Sandoval County into the Rio Rancho/Bernalillo component and that occurring in the northwestern portion of the 
county where US 550 was reconstructed. It was not possible to determine the effect in Rio Arriba County because 
only nine miles of US 550 are in this county. Rio Arriba's only connection to US 550 is via NM 537, a low-volume 
road (less than 300 vpd) that connects through the Jicarilla Apache Indian Reservation to Dulce, 67 miles to the 
north. Consequently, San Juan County was the primary beneficiary of any economic development resulting from US 
550's reconstruction. 
Farmington-Aztec-Bloomfield is one of 363 metropolitan areas in the United States. The area ranks about 300th 
from the top on many economic development indicators. However, it ranks 160th in average wages, possibly due to a 
large number of decent paying jobs in the mining and oil/gas sectors. According to the SJEDS, the county’s average 
weekly wages in mining were $1,258, followed by $852 in transportation and warehouse, and $784 in construction. 
Over the period 2001 through 2006, employment in the area grew by 10 to 15 percent in retail, mining, health, 
construction, wholesale, and other services. Over the same period, employment in local government, administration, 
professional services, and restaurants/hotels remained virtually unchanged. 
Based on data from the US Bureau of Census and UNM’s Bureau of Business and Economic Research (UNM 
BBER), the population of San Juan County dropped slightly in the 1960s [5]. However, population grew through the 
1970s (4.5% per year, compounded), at a slower rate in the 1980s (1.2%/yr); the rate nearly doubled in the 1990s to 
2.2%/yr. The corresponding increases in the rest of New Mexico during these three decades were 2.4%, 1.5%, and 
1.8%, respectively. As shown in Figure 3, the population growth in San Juan County since the completion of US 
550's reconstruction in December 2001 has been 0.6%/yr while the corresponding growth in the rest of New Mexico 
has been 1.2%. These recent statistics must be viewed cautiously because various state-sponsored programs, such as 
credits for film production, may have attracted population and employment to other parts of New Mexico. The 
SJEDS projects the following populations in the years to come: 2010, 128,592; 2020, 145,072; and 2030, 154,403. 
UNM’s BBER also provides information on employment on the Farmington Metropolitan Statistical Area, which 
is essentially San Juan County. Based on these statistics, employment grew from 35,465 in 1990 to 48,116 in 2001; 
this corresponds to a compounded rate of 2.8% per year, modestly higher than the population growth for this time 
period. Following the reconstruction of US 550 in December 2001, employment in San Juan County has grown to 
55,834, an annual increase of 2.6%. However, this apparent decrease in the employment growth rate must be judged 
in terms of another employment statistic, the rate of unemployment in San Juan County. Data from UNM’s BBER 
show that the unemployment rate in the county was 8.9% in 1990, peaking at 12.1% in 1996. Despite recent 
economic challenges to the US economy, San Juan County’s unemployment rate decreased to 3.2% in 2007, 
increasing slightly to 3.7% in 2008. The recent changes in San Juan County’s employment and unemployment rates 
are depicted in the Figure 4. 
The SJEDS was created in 1989 to assist companies seeking to expand their services and to help recruit new 
business to the community. A decade later, shortly before the completion of the US 550 reconstruction, San Juan 
College opened a Small Business Development Center. The cooperative efforts of these two organizations have 
 
 
Fig. 3. Population Growth in San Juan County. 
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Fig. 4. Employment & Unemployment Rate in San Juan County. 
helped create jobs in Farmington, Aztec, Bloomfield, and the four corners area. Certainly some of the growth in 
employment described above is due to the work of these agencies. SJEDS reports that the number of business 
establishments in the county increased from 2,558 in 2001 to 2,657 in 2004, the latest year for which data are 
reported. The top ten private sector employers in San Juan County for 2008 (the latest year for which data are 
available) are shown below; most require an efficient highway transportation system for their business success. It is 
perhaps a sign of economic growth that Raytheon Missile Systems, number 6 on the list, and Dawn Trucking, 
number 8, were not on the top-ten list in 2006. 
San Juan County’s largest employers in the public sector in 2008 were San Juan Regional Medical Center 
(1,600), Farmington Public Schools (1,197), Central Consolidated Schools (1,157), City of Farmington (821), San 
Juan County (685), and San Juan College (532). The reconstruction of US 550 likely had no direct effect on 
employment in these agencies. However, most of these employers rely on good highway transportation and most 
specifically benefit from the four-lane US 550. Indirectly, if US 550 increased private sector employment, it would 
have increased employment in the government sector. According the UNM’s BBER, in 2008 the primary 
employment categories in San Juan County were retail trade (12.3%), mining (11.5%), construction (10.1%), health 
care and social assistance (10.1%), and accommodation and food services (8.0%). 
3. Conclusions 
Reconstruction of US 50 has shown that the reduction in travel time occurs on the rural portions of the road. The 
vehicle operating costs has reduced due to mainly less fuel consumption. Using US 550 crash data for 1996-1998 
(before) and 2002-2008 (after), it is shown that the crash increased from 85 per year in the before period to 116 per 
year in the after period, an overall increase of 36 percent. The situation certainly would have been worse if the road 
had remained in its former two-lane configuration. In an effort to develop a better understanding of the crashes on 
US 550 before and after the reconstruction, comparisons were conducted of selected crash characteristics, 
specifically severity, day of the week, and crash class. It is shown a five percent increase in crash on Sundays and a 
5 percent decrease on Saturday. For the years 2002 through 2007, immediately following the completion of US 550 
reconstruction, San Juan County enjoyed growth in population and employment, along with a decrease in the 
unemployment rate. 
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